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PASSIVE COHERENT LOCATION SYSTEM AND METHOD 
CROSS REFERENCE TO RELATED APPT JCATIONS 

5 This application claims benefit of U.S. Provisional Patent Application 

No. 60/199,210 entitled PASSR^E COHERENT LOCATION METHOD AND 
SYSTEM, filed April 24, 2000 which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTTOT^J 
10 Field of the Invention 

The present invention relates to a passive coherent location (PCL) 
system and method, and more particularly to a PCL system and method for use in 
moving target surveillance sensors. 
Description of Related Art 

15 A number of conventional radar systems have partic\ilarly high Hfe- 

cycle costs due to the initial cost of the radar system and the maintenance cost of 
the radar system. Furthermore, because conventional radar systems typically 
broadcast electromagnetic signals, a regulated activity, extensive regulatory 
procurement and comphance costs are associated with operating current radar 

20 systems. 

Additionally, extensive physical, regulatory, and economic 
disincentives prevent transporting such systems on a temporary or mobile basis. 
For example, transporting a current radar system to a special event such as the 
Olympics, a fireworks display, a construction site, a residence, and the like woidd 
25 pose nxmierous disincentives, including the assessment of environmental impact 
proper hcensing from various regulatory agencies and the costs associated with 
moving the electromagnetic signal transmitter. 
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SUMMARY OF THE INVENTION 

Accordingl}^ the present invention is directed to a PCL system and 
method that substantiallj' obviates one or more of the problems due to hmitations 
and disadvantages of the related arc. 
5 An object of the present invention is to provide a PCL system that 

provides enhanced airspace awareness aroimd a predetermined location for lower 
total life cycle cost than the related art. 

An object of the present invention is to provide a PCL system that 
provides enhanced airspace awareness around a predetermined location using 

10 ambient transmissions from at least one imcontroUed transmitter. 

An object of the present invention is to provide a PCL system that 
provides enhanced airspace awareness aroimd a predetermined location based 
primarily upon frequency change of arrival information derived from ambient 
transmissions from at least one uncontrolled transmitter. 

15 Another object of the present invention is to pro\dde a PCL system that 

provides enhanced airspace awareness for a predetermined location, such as an 
airport, using ambient transmissions from at least one uncontrolled transmitter, 
wherein the initial position information is determined from frequency-difference-of- 
arrival, time-difference-of-arrival, and angle-of-arrival information from the 

20 ambient transmissions. 

An object of the present invention is to provide a PCL system that 
provides enhanced airspace awareness around a predetermined location as well as 
enhanced groxmd-traffic awareness within the predetermined location using 
ambient transmissions from at least one xmcontrolled transmitter. 

25 Another object of the present invention is to provide a mobile radar 

system that provides enhanced airspace awareness dm^ing a predetermined event 
using ambient transmissions from at least one imcontroUed transmitter. 

2 
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Yet another object of the present invention is to provide a system and 
method for selecting a subset of ambient transmission signals firom a plvirality of 
ambient transmission signals based on a set of predetermined criteria. 

Additional featm-es and advantages of the invention will be set forth in 
5 the description which follows, and in part will be apparent from the description, or 
may be learned by practice of the invention. The objectives and other advantages of 
the invention will be realized and attained by the structure and method particularly 
pointed out in the written description and claims hereof as well as the appended 
drawings. 

10 In one embodiment, a PCL system receives transmissions from a 

pluraUty of uncontrolled transmitters. In a preferred embodiment, the uncontrolled 
transmitters may include radio and television broadcast stations. Additionally, the 
PCL system may use signals from 

transmitters operated by operationally independent entities. The signals from 
15 uncontrolled transmitters may be used independently or in conjunction with signals 
firom transmitters operated by the organization controlling the PCL system. 

In one embodiment, a PCL system includes an antenna subsystem, a 
coherent receiver subsystem, a front-end processing subsystem, a back-end 
processing subsystem, and an output device. Each of these subsystems is connected 
20 by a communication hnk, which may be a system bus, a network connection, a 
wireless network comiection, or other type of communication hnk. 

In one embodiment, the present invention is used to monitor the 
airspace of a predetermined location using ambient transmissions from at least one 
imcontrolled transmitter. In a preferred embodiment, ambient transmissions are 
25 scattered by an object and received by a PCL system. These scattered 

transmissions are compared with a reference transmission thai is received directly 
firom the uncontrolled transmitter to the PCL system. In particular, the frequency- 
difference-of-arrival between the scattered transmission and the reference 

3 
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transmission is determined, which allows the radial velocity of the object to be 
determined. The present invention may be used in coniimction with or, in Heu of a 
conventional radai* system. 

In one embodiment, the present invention is used to monitor the 
airspace of a predetermined location using ambient transmissions from at least one 
imcontroUed transmitter and using initial position information relating to an object 
approaching the predetermined location. This initial position information may 
include an electronic or verbal communication of the object's position at a 
predetermined time. For example, a plane approaching an airport may provide the 
system with its position, therebj'' allowing the system to quickly estabhsh an 
accurate track for the plane. 

In another embodiment, the present invention is used to provide 
enhanced airspace awareness aroxmd a predetermined location as well as enhanced 
groimd-traffic awareness within the predetermined location using ambient 
transmissions from at least one uncontrolled transmitter. 

In another embodiment, the present invention is used to enable a 
mobile radar sj^stem that provides enhanced airspace awareness dming a 
predetermined event using ambient transmissions from at least one xmcontrolled 
transmitter. In a prefei'red embodiment, the present 

invention is used as part of a monitoring system in which a vehicle is deployed to a 
predetermined location to receive ambient transmissions from at least one 
uncontrolled transmitter. 

In 3'et another embodiment, the present invention is used to select a 
subset of ambient transmission signals fr'om a plm'ality of ambient transmission 
signals based on a set of predetermined criteiia. 

It is to be understood that both the foregoing general description and 
the following detailed description are exemplary and explanatory and are intended 
to provide further explanation of the invention as claimed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are included to provide a further 
understanding ci rhe invention and are incorporated in and constitute a part of this 
specification, illustrate embodiments of the invention and together with the 
description serve to explain the principles of the invention. In the drawings: 

FIG. 1 shows a diagram of a plurahty of transmitters, an object, and a 
system in accordance with the present invention; 

FIG. 2 shows a block diagram of an embodiment of the present 
invention; and 

FIG. 3 shows a flow chart of a system in accordance with the present 

invention. 

DETAILE D DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Reference will now be made in detail to the preferred embodiment of 
the present invention, examples of which are illustrated in the drawings. 

FIG. 1 shows a diagram of a plurahty of transmitters, an object, and a 
sj'-stem in accordance with the present invention. In a preferred embodiment, a 
PCL system 200 receives transmissions from a plurahty of uncontrolled 
transmitters 110, 120, and 130. In a preferred embodiment, the uncontrolled 
transmitters 110, 120, and 130 may include radio and television broadcast stations, 
national weather service transmitters, radionavigational beacons (e.g., VOR), and 
transmitters supporting current and planned services and operations (e.g., 
automatic dependant surveillance-broadcast), any of which may or may not be 
under the operational control 

of the entity controlling PCL system 200. Additionally, PCL system 200 may use 
signals from transmitters operated by operationally independent entities. 
Additional transmitters (not shown) may be present and useable by a particialar 



wo 01/84181 



PCT/USOl/13024 



PCL system 200, which may have a system and method for determining which 
subset of possible ambient signals to use, as disclosed in greater detail below. 

In one embodiment., transmitters 110. 120, and 130 are not under the 
control of the entitj'^ controlling PCL S5'stem 200. In a preferred embodiment, 
5 transmitters 110, 120, and 13.0 are radio and television broadcast stations and PCL 
system 200 is controlled by a separate entity. The signals from uncontrolled 
transmitters may be used independently or in conjunction with signals from 
transmitters operated by the separate entit3^ 

Turning to the operation of the present invention, transmitters 110, 
10 120, and 130 transmit low-bandwidth, electromagnetic transmissions in aU 

directions. Exemplary ambient transmissions are represented in FIG. 1, including 
ambient transmissions 111 and 112. Some of these ambient transmissions are 
scattered by object 100 and received hy PCL system 200. For example, ambient 
transmission 112 is scattered by object 100, and scattered transmission 113 is 
15 received by PCL ss^-stem 200. Additionally, reference transmission 111 is received 
directly by PCL system 200. Reference transmission 111 may be an order of 
magnitude greater than scattered transmission 113. PCL system 200 compares 
reference transmission 111 and scattered transmission 113 to determine positional 
information about object 100. For pxirposes of this application, positional 
20 information includes any irLformation relating to a position of object 100, including 
three-dimensional geographic state (hereinafter geographic state), change of 
geographic state (i.e., velocity), and change of velocity (i.e., acceleration). 

In particiilar, the system determines the frequency-difference-of- 
Eirrival between the scattered transmission and the reference transmission, which 
25 in turn allows the velocity of the object to be determined. The present invention 
may rely on such uncontrolled transmitters as iow-bandwidth transmitters, which 
as will be xmderstood yield relatively poor time-delay resolution and relatively good 
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frequency-difference resolution. This frequency-difference resolution, however, does 
not provide geographic state information directly, but velocity 

information which can be used to derive geographic state information in accordance 
with the present invention. Accordingly, the preferred embodiment of the present 
invention rehes 

primarily upon frequency-difference-of-arrival information to determine an object's 
geographic state. 

In one embodiment, the present invention uses reference 
transmissions and scattered transmissions fi:om multiple transmitters 110, 120, 
and 130 to more quickly and more reliably resolve the geographic state of object 
100, Fm-thermore, in one embodiment, the system may receive and/or maintain 
initialization information, as disclosed in greater detail below. 

FIG. 2 shows a logical block diagram of an embodiment of the present 
invention. PCL system 200 includes antenna subsj^^stem 210, coherent receiver 
subsystem 220, front-end processing subsystem 230.. back-end processing subsysrem 
240, and output device 250. Each of these subsystems may be connected by a 
communication link 215, 225, 235, and 245, which may be a system bus, a network 
connection, a wireless network connection, or other tyipe of communication link. In 
a preferred embodiment, there are no moving components within the radar system. 
Select components are described in greater detail below. 

Antenna subsystem 210 receives electromagnetic transmissions, 
including scattered transmission 113 and reference transmission 111, Preferably 
antenna subsystem 210 includes a structure to allow the detection of the direction 
from which the scattered transmission arrives, such as a phased array which 
measures angle-of- arrival of scattered transmission 113. Preferably, antenna 
subsystem 210 covers a broad frequency range. 

Coherent receiver subsystem 220 receives the output of antenna 
subsystem 210 via antenna-to-receiver Hnk 215. In one embodiment, coherent 
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receiver subsystem 220 comprises an ultrahigh dynamic range receiver. In a 
preferred embodiment, the dynamic range of the coherent receiver is in excess of 
120 dB instantaneous dynamic range. Coherent receiver subsj'stem 220 may be 
txmed to receive transmissions of a particular frequencj* plus or minus a 
5 predetermined variance based on the anticipated Doppler shift of the scattered 
transmission. For example, receiver subsystem 220 may be txmed to receive 
transmissions having a frequency of transmitter 110 plus or minus an anticipated 
Doppler shift. Coherent receiver subsystem 220 preferably outputs digitized 
repUcas of scattered transmission 113 and reference transmission 111. 
10 In one embodiment, front-end processing subsystem 230 comprises a 

high-speed processor configured to receive the digitized transmission replicas and 
determine the frequency- 

di£ference-of-arrival. Conventional hardware maj'^ include SGI ™ Origin ™ 2000 
fi'om Silicon Graphics, Inc. In another embodiment, front-end processing subsystem 

15 230 comprises a special purpose hardware devices, a large scale integrated circuits, 
or an apphcation-specific integrated circuit. In addition to determining the 
£r e que ncy-d i fFe r e nee - of- arrival, front-end processing subsystem 230 may determine 
the time-difference-of-arrival and the angle-of-arrival of the digitized transmissions. 
Appropriate algorithms could be considered for these calculations. 

20 Back-end processing subsystem 240 comprises a high-speed general 

processor, such as a Silicon Graphics Onj^ii® visuahzation supercomputer from 
Sihcon Graphics, Inc., configured to receive the output of the front-end processing 
subsystem 230 and to determine positional information, particularly geographic 
state, for object 100. For a detailed description of a system and method for 



25 determining geographic state for an object based on fi^eque ncy-d ifFerence-of- arrival 
measurements, refer to US Patent No. 5,525,995 entitled DOPPLER DETECTION 
SYSTEM FOR DETERMINING INITIAL POSITION OF A MANEm^ERING 
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TARGET issued June 11, 1996, assigned to Loral Federal Systems Company, 
incorporated herein by reference. 

Communication betv/een front-end processing subsystem 230 and 
back-end processing subsystem 240 ma- be implemented by processor 
communication link 235. In a px-eferred embodiment, processor commimication linV 
235 is implemented using a commercial TCP/IP local area network. In another 
embodiment, processor commimication link 235 may be implemented using a high 
speed network connection, a wireless connection, or another type of connection that 
allows front-end processing subsystem 230 and back-end processing subsystem 240 
to be remotely located relative to one another. In one embodiment, front-end 
processing system may compress digitized transmission repHcas to decrease traffic 
across processor communication Imk 235 despite the associated cost in loss of data 
or additional processing reqiiirements. 

In another embodiment, data may be transmitted across processor 
communication Unk 235 onlj^ upon the occurrence of a predetermined event, such as 
a user request. For example, the present invention may be used to acquire and 
temporarily buffer digitized 

transmission rephcas by front-end processing subsystem 230. Over time, older 
digitized transmission rephcas may be overwritten by newer digitized transmission 
rephcas if no request is 

made by a user. However, upon request, buffered digitized transmission rephcas 
may be transmitted for analysis to back-end processing subsystem 240. This aspect 
of the present invention may be used to reconstruct an aircraft accident situation, 
for example. 

Although it is possible to implement the present invention on a single 
processing unit, in a preferred embodiment, back-end processing subsystem 240 
and front-end processing subsystem 230 are implemented using two independent 
general or special pm-pose processors in order to increase modularity and to enable 
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specialized processing hardwgire and software to be implemented for the logically 
discrete tasks performed by each of these subsystems. For example, having the 
processors sepairate allows enhanced sj^siem robustness and increase ease of 
installation. 

5 Output device 250 may comprise a computer monitor, a datalink and 

display, a network connection, a printer or other output device. Output device 250 
may additionally provide information relating to an accuracy estimate of the 
geographic state information as determined hy back-end processing subsystem 240. 
Output device communication link may comprise a high-speed bus, a network 

10 connection, a wireless connection, or other type of communication link. 

FIG. 3 shows a flow chart of a method for determining an updated 
state estimate for an object in accordance with the present invention. By way of 
overview, at step 300, the process of determining an object's geographic position in 
accordance with the present invention is initiated. At step 310, the system selects a 

15 subset of xmcontrolled transmitters from a plurahty of possible uncontrolled 

transmitters. At steps 330 and 340, scattered and reference transmissions are 
received fcom at least one uncontrolled transmitter. At step 350, scattered and 
' reference transmissions are compared. At step 352, the system determines whether 
the object is new. If the object is determined to be new, the system determines the 

20 initial object state estimation at step 354 using frequency-difference-of-arrival, 
time-difference -of- arrival, and angle-of- arrival information determined from the 
received transmissions. If the object is not new, the system proceeds to step 360 
and updates the object state estimate based primarily on frequency-difference-of- 
arrival information. At step 370, the system determines whether the 

25 object is moving and within range. If the object is mo^dng and is within the range of 
the system, the system outputs the object state estimates at step 380, and returns 
to step 330. If the object is 

10 
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not moving or is out of range at step 370, the process is terminated. Each of these 
steps is described in greater detail below. 

At step 310, the sj^stem selects a subset of uncontrolled transmitters. 
The step may comprise selecting a subset of uncontrolled transmitters from a 
5 plurality of uncontrolled transmitters based on a set of predetermined criteria. 
Such criteria may include the spatial separation and signal strength of the 
individual transmitters, whether there is a clear line of site between the 
transmitter and the PCL system, the frequency characteristics of the transmitter, 
interference from other sources including transmitters, and other criteria. Other 
10 criteria may be used. The selection of transmitters may be done in advance or may 
be performed dynamically and updated periodically based on current transmission 
signals. Alternately, because most of the information needed to select transmitters 
is public record, recommended transmitters for a particular location may be 
predetermined. 

15 Once the transmitters are identified, the PCL system receives 

reference transmissions from the transmitter at step 330. At step 340, the PCL 
system receives scattered transmissions that originated from. the transmitter and 
were scattered by the object in the direction of the receiver. At step 350, the 
scattered and reference transmissions are compared to determine the frequency- 

20 difference-of-arrival and the time-difference-of-arrival, and the angle of arrival of 
the scattered signal is determined using a phased array. Appropriate techniques 
for determining the frequency-difference-of-arrival and the time-difference-of- 
ai*rival include standard cross-correlation techniques. 

At step 352, the system determines whether the compared signals 

25 correlate to a new object or an object that has previously been identified by the 
system. If the object is determined to be new, the system determines an initial 
object state estimate at step 354. In a preferred embodiment, initial object state 
information may be determined from the frequency-difference-of-arrival and time- 

11 
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difference-of-arrival between scattered transmission 113 and reference transmission 
111 as well as angle-of- arrival information for scattered transmission 113. 

In another embodiment, the system may assume an initial object 
position. Additionally, the sj^stem may allow a user to input an initial object 
5 location. Furthermore, the 

object may have a positional device, such as a global positioning system, that may 
provide the data to the system electronically. A combination of the aforementioned 
methods and other 

methods of determining initial state information may be used. Once an initial state 

10 estimate is determined, the system proceeds to step 370. 

If, at step 352, the system determines that the object is not a new 
object, the system proceeds to step 360. At step 360, the system updates the object's 
state estimate based primarilj* on the frequency-difference-of-arrival between 
scattered transmission 113 and reference transmission 111. In one embodiment, 

15 the system may update the object's state estimate based solely on the frequency- 

difference-of-arrival between scattered transmission 113 and reference transmission 
111, without reference to time-difference-of- arrival and angle-of-arrival information. 
In one embodiment, this information is stored in memory for subsequent use. 

The £requency-difference-of-arrival information and other transmission 

20 and transmission comparison information may be used in conjunction with the 
initial object state estimation to determine an updated object state estimate. If 
transmissions are being processed from a plm'sJitj'^ of transmitters for a single 
object, the system may determine an updated object state estimate by deterniiiiing 
a location in three-dimensional space from which the object could cause each of the 

25 determined frequency shifts. Based on the signal strength, the accuracy of the 

initial object state estimation, the processing speed of the system and other factors, 
the system may be able to resolve the object to a point or area in three-dimensional 
space. Additionally, the system may determine an accuracy rating associated with 

12 
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the updated object state estimate based on these and other factors. Once the 
system has updated the object state estimate, it proceeds to step 370. 

At step 370, the system determines whether the object is moving and 
within range of the system. If the object is moving, the system proceeds to step 380 
and outputs the object state information. This output may be provided to a CRT 
display associated with the system, a network connection, a wireless network 
connection, a cockpit datalink and display, or other output device. In one 
embodiment, the system may output an accm-acy rating for the object state 
estimate. 

After the object's state estimate is output, the system returns to step 
330 and reiterates steps 330 to 370 imtil the system determines that the object is no 
longer moving or is out of range of the system. Based on the high speed at which 
the system processes data and the 

relatively low speed at which the system maj^ output data, the system may skip step 
380 during one or more subsequent iterations. Once the S5^stem determines that the 
object is no longer moving, or determines that the object is out of range, the system 
proceeds to step 390 and the process terminates. 

In another embodiment, the present invention may be used to enable a 
mobile radar system that provides enhanced airspace awareness during a 
predetermined event using ambient transmissions from at least one uncontrolled 
transmitter. In one embodiment, the present invention is used as part of a wheeled 
or tracked, vehicle-based monitoring system in which a vehicle is deployed to a 
predetermined location to receive ambient transmissions from at least one 
uncontrolled transmitter. This vehicle may be a non-commercial vehicle, such as a 
passenger van. This aspect of the present invention may be used to monitor an 
airspace for a special event such as the Or/mpics, a fireworks display, or other 
event. 

1 ^ 
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In one embodiment, the present invention may be used to 



simultaneously track a pluralitj'' of objects. The system may use warnings to notify 
a controller, a pilot and/or a driver that an object is T\dthin a predetermined 
distance. Also, the system maj'^ use warnings to notify- a controller, a pilot and/or a 
5 driver that one or more objects have a potentiall3'^ imsafe course, such as a course 
that may cause a collision. Other warnings may also be used. 



and variations can be made in the present invention without departing from the 
spirit or scope of the invention. For example, although the present invention has 
10 been described with relation to a PCL system, it is possible to employ aspects of this 
invention with other types of radar systems including conventional monostatic 
radar systems. Thus, it is intended that the present invention cover the 
modifications and variations of this invention provided they come within the scope 
of the appended claims and their equivalents. 



It will be apparent to those skilled in the art that various modifications 
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Claims: 

1- A system for enhancing object state awareness comprising: 

a receiver subsj^stem to receive reference signals from an imcontrolled 

transmitter and scattered transmissions originating from the uncontrolled 

transmitter and scattered by an object; 

a ff ont-end processing subsystem to determine a radial velocity of the 

object based on the received transmissions; and 

a back-end processing subsystem to determine object state estimates 

based on the determined radial velocity. 

2. The system of claim 1, wherein said scattered transmissions comprise 
ambient transmissions. 

3. The sj^stem of claim 1, further comprising initial position information 
for said object, wherein said initial positioi. information is commximcaxed with said 
reference signal. 

4. The system of claim 1, further comprising an output device to display 
said object state estimates. 

5- The system of claim 1, further comprising a communication link to 

couple said receiver subsystem, said front-end processing subsystem and said back- 
end processing subsystem. 



6. A passive coherent location system for monitoring a predetermined 

location, comprising: 
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a receiver subsystem to receive scattered transmissions scattered by 
an object and to output digitized signals of said scattered transmissions, said 
scattered transmissions originating from an uncontrolled transmitter; 

a front-end processing subsystem to determine a frequency-difference- 
5 of-£Lrrival for said digitized signals; and 

a back-end processing subsystem to determine positional information 
for said object in accordamce with said frequency-difiference-of- arrival. 

7. The system of claim 6, further comprising an output device to provide 
10 said positional information for said object. 

8. The system of claim 6, further comprising a reference signal from said 
imcontrolled transmitter, said reference signal being used to determine said 
frequency-difTercnce-of-arrival for said digitized signals. 

15 

9. The system of claim 6, wherein a velocitj'' of said object is determined 
from said frequenc5^-difference-of-arrival, 

10. The sj'^stem of claim 6, further comprising an antenna subsystem to 
20 detect said scattered transmissions. 

11. The system of claim 10, wherein said antenna subsystem comprises a 
phased array antenna. 

25 12, The system of claim 6, wherein said receiver subs^'-stem comprises an 

ultrahigh dynamic range receiver. 
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13, The system of claim 6, further comprising a communication Hnk 

between said front-end processing subsystem and said back-end processing 
subsystem. 

5 14. A method for determining an updated state estimate for an object, 

comprising: 

receiving a reference transmission from an uncontrolled transmitter 
and a scattered transmission that originated from said imcontroUed transmitter 
and was scattered by said object; 
10 comparing said received transmissions to determine a frequency- 

difference -of- arrival; and 

updating a previous state estimate based on said determined 
frequency-difference-of-arrival. 

15 15. The method of claim 14, fvirther comprising determining an initial 

state object estimate. 

16. The method of claim 14, further comprising selecting said uncontrolled 
transmitter from a plurality of transmitters. 

20 

17. The method of claim 14, fm^ther comprising determining whether said 
object is moving. 

18. The method of claim 14, further comprising outputting said updated 
25 state estimate. 

19. The method of claim 14, further comprising terminating said receiving 
when said object is out-of-range. 

17 
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